Introduction: Telehealth can be an effective way to provide speech pathology intervention to children with speech and language impairments. However, the provision of reliable and feasible standardised language assessments via telehealth to establish children's needs for intervention and to monitor progress has not yet been well established. Further, there is limited information about children's reactions to telehealth. This study aimed to examine the reliability and feasibility of conducting standardised language assessment with school-aged children with known or suspected language impairment via a telehealth application using consumer grade computer equipment within a public school setting. Method: Twenty-three children (aged 8-12 years) participated. Each child was assessed using a standardised language assessment comprising six subtests. Two subtests were administered by a speech pathologist face-to-face (local clinician) and four subtests were administered via telehealth. All subtests were completed within a single visit to the clinic service, with a break between the face to face and telehealth sessions. The face-to-face clinician completed behaviour observation checklists in the telehealth and face to face conditions and provided feedback on the audio and video quality of the application from the child's point of view. Parent feedback about their child's experience was elicited via survey. Results: There was strong inter-rater reliability in the telehealth and face-to-face conditions (correlation coefficients ranged from r ¼ 0.96-1.0 across the subtests) and good agreement on all measures. Similar levels of attention, distractibility and anxiety were observed in the two conditions. Clinicians rated only one session of 23 as having poor audio quality and no sessions were rated as having poor visual quality. Parent and child reactions to the use of telehealth were largely positive and supportive of using telehealth to assess rural children. Discussion: The findings support the use of telehealth in the language assessment of school-aged children using a web application and commercially available computer equipment. This reliable and innovative service delivery model has the potential to be used by speech pathologists to provide assessments to children in remote communities.
Introduction
Australia is a vast country with a relatively small population of approximately 24 million people 1 concentrated in urban areas, with limited health, education and other services in rural areas. 2 A recent senate inquiry into speech pathology services in Australia 3 found evidence of a shortage of speech pathologists, particularly outside urban areas, and that the ratio of speech pathologists to population falls as population density declines, from 25.9 per 100,000 of population in major cities to 5.9 per 100,000 of population in very remote areas. As a result, people in rural and remote areas experience significant barriers to accessing services. 4 The lack of services creates a significant risk for poor social and educational outcomes for those with language impairments living in rural and remote areas of Australia.
Telehealth in speech-language pathology
Telehealth may overcome some of the difficulties associated with providing accessible speech pathology services and has been used successfully to treat a range of conditions including adult speech and language disorders, 5 dysphagia, 6, 7 childhood fluency 8 and speech sound disorders. 9 Yet despite evidence for its utility in delivering interventions, only a small number of studies have examined the role for telehealth in standardised language assessment. Language assessments are crucial in establishing diagnoses, guiding intervention and documenting progress in children with language difficulties.
The use of telehealth in the delivery of standardised language assessments has been examined in two studies, 10, 11 using method comparison designs, while the use of a language screening tool was evaluated in a further study. 12 In all three studies, the authors reported good reliability between face-to-face and online scoring of participant responses. Waite et al. 11 trialled the use of the Clinical Evaluation of Language Fundamentals -4 th edition (CELF-4) using a custom-built Internet-based telehealth application with store and forward capabilities and touch screen at the participant's end. The picture stimuli were digitised. An audio recording of the stimulus for one subtest assessment was used, along with live presentation of the remaining three subtest materials. As with Eriks-Brophy et al. 10 and Ciccia et al. 12 , a method comparison design 13 was utilised with simultaneous scoring by a face-to-face and online assessor, in this case between two assessment rooms in a university clinic. Students and clinicians were randomised to face-to-face or online conditions. Very good levels of inter-and intra-rater agreement were found on all measures with some variation between subtests (k range from 0.93 to >0.99). A limitation of this study, as noted by Taylor et al., 13 is that it was not conducted in real world settings but rather under ideal research conditions. In addition, none of the studies reported client or clinician satisfaction and only Ciccia et al. reported on parent satisfaction. Finally, the studies did not include comparisons of child behaviour across face-to-face and online conditions.
The data to date regarding telehealth assessment is promising, however the current lack of information about the reliability and feasibility of conducting telehealth assessments in routine clinical settings with commercially available equipment, as well as parent, child and clinician responses to the approach, represents a significant gap in the literature. Research is needed to examine the effectiveness of telehealth language assessment in the context of existing service delivery models, as well as to begin to address identified barriers to speech pathologists using telehealth. These include beliefs that parents hold negative attitudes towards its use, 14 and that telehealth can only be used in specialised research or university settings, rather than real world clinical services. 15 Other concerns held by speech pathologists who do not use telehealth include fear of technology and concerns regarding their ability to develop rapport with remote clients. 15 The aims of this study were to determine whether, within an existing service, a web-based telehealth application using consumer grade, commercially available computer equipment could be used to provide a formal language assessment that is feasible, reliable and well-tolerated by participants and their families. In this study, children were in the same location as a second speech pathologist (face-to-face speech pathologist) whose role was to facilitate the assessment, replicating a real-world setting in which children could be supported by teachers or other school support staff during assessment. It was hypothesised that under these conditions, standardised language assessment delivered via telehealth would be feasible, reliable and well tolerated by participants and their families.
Method
Ethical approval was received from the Sydney Children's Hospital Network (SCHN) Human Research Ethics Committee (HREC reference: LNR/12/SCHN/408). Approval was also obtained from NSW Department of Education. Written consent was obtained from parents, and children were provided with an illustrated social story to support their understanding of the project.
Design
A method comparison design was used 16 in order to measure the agreement between the scores for each language assessment subtest recorded by the telehealth speech pathologist compared with those made simultaneously by the face-to-face speech pathologist. This method allows researchers to quantify the variation between two methods of measurement for the same subject. The independent variable was the condition under which the assessment was conducted (telehealth vs face-to-face). The dependent variables (DVs) were: (a) number of scheduled sessions that were completed successfully (DV1) and face-to-face speech pathologists ratings of audio and visual quality (DV2) which provided measures of feasibility; (b) the language assessment scores given by the telehealth and face-to-face speech pathologists which were compared to provide a measure of reliability (DV3); and (c) behaviour observation scores made by the face-to-face speech pathologist in the face-to-face and telehealth conditions, providing a measure regarding the behaviour of the children and how well the telehealth condition was tolerated (DV4), along with parent survey information (DV5).
Participants
Participants were 23 children (18 male, five female) aged 8-12 years (mean ¼ 9 years 11 months) with a history of reading difficulties and known/suspected language impairment, attending mainstream schools. They were referred to a specialist reading centre, a service for children with reading difficulties who live in rural and remote NSW, Australia. Children were referred by their schools based on their poor response to reading interventions and attended one of two rural 'hubs' or a suburban hub (name withheld) for multidisciplinary assessment, including a thorough language assessment. The participating students were a sample of convenience, based on those students attending the service. There were no exclusionary criteria; however, children did not participate if they had had a language assessment using the CELF-4 within the previous six months.
Three experienced (M ¼ 13.7 years of work experience, range 10-19 years) local speech pathologists consented to participate in the project (i.e. co-scoring and delivering assessments) as part of their regular work. They were all experienced in administering the paper form of the CELF-4 and regularly used technology for communication in the workplace (e.g. videoconferencing with colleagues). Two of the three speech pathologists reported having limited experience in delivering speech and/or language intervention via computer (e.g. using Adobe Connect). None had used the current telehealth interface prior to the project. The telehealth speech pathologist had four years clinical experience and was familiar with the language assessment tool. She reported familiarity with a range of technology applications (e.g. Skype, computer use) but had less experience using technology for communication in the workplace (e.g. videoconferencing) and no experience of telehealth prior to the project.
Materials
Assessment tool. The CELF-4 17 is a standardised, individually administered clinical tool for the identification, diagnosis and follow-up evaluation of language skill deficits in school-age children, adolescents and young adults. Permission was granted by Pearson Australia to digitise images of the CELF-4 for use in online administration. The test images were scanned and converted to JPEG files which were then uploaded to the application. The published psychometric properties of the CELF-4 include stability coefficients ranging from 0.77-0.94, internal consistency for the Core Language Score (a composite score indicating the presence or absence of a language impairment along with the severity of the impairment) ranging from 0.97 across age ranges. 17 The Core Language Score is based on four core subtests. For the 5-8 year-old age group these are Concepts and Following Directions, Word Structure, Recalling Sentences and Formulated Sentences. Students aged 9-12 years completed also three of these subtests (Concepts and Following Directions, Recalling Sentences and Formulated Sentences) as well as Word Classes which yields an expressive and a receptive score. Inter-scorer reliabilities are described as 0.99 or 1.0 across all CELF-4 Australian subtests. The core subtests for 9-12 year olds include two subtests that require the administrator to score a response as correct/incorrect (Concepts and Following Directions; Word Classes -Receptive). Two subtests require the administering clinician to make a subjective judgement with reference to scoring guidelines to score a response as correct or incorrect (Word Classes -Expressive) or to score 0, 1 or 2 based on the number of grammatical and/or syntactical errors made by the child (Formulated Sentences). The final subtest (Recalling Sentences) can be scored as 0, 1, 2 or 3 based on the number of errors made during immediate repetition of a spoken sentence. While scoring for this subtest is not subjective, the reliability of scoring is dependent on precise notation of the child's response. All participants completed the four core subtests via the telehealth application. Two additional subtests were administered by the face-to-face speech pathologist, along with any other clinically relevant assessments required.
Equipment. The assessment was delivered via a telehealth application developed by National Information Communications Technology (ICT) Australia (NICTA). This web-based interface included synchronised image viewing and remotely visible click-markers for pointing at images as well as video conference functionality. The computers used were standard issue [name withheld for review] devices with consumer grade webcams (Logitech C920) and speakers (Logitech PC Z130). A commercially available touch screen from Dell (model S2240T) was supplied to the local sites. All four sites (telehealth setting and the three hubs) were located within Department of Education, public schools and used the Internet connection available to these sites. The application was designed to allow a speech pathologist using telehealth to complete the assessment with the child supported by a school staff member (teacher or teacher aide) in their local setting. For the purpose of this research, a speech pathologist acted as a support person to facilitate assessments (rather than a teacher or teacher aide) in order to co-score the assessment tasks delivered by the telehealth speech. This allowed for the comparison of scores for the study without adding extra team members to the assessment environment.
Procedure
Training. The telehealth speech pathologist was trained in the use of the interface by the developer and a senior speech pathologist (RS) in a single session. The face-toface speech pathologists were shown the interface in a group setting and subsequently given information and an opportunity to practice using the application in a session with the telehealth speech pathologist. This information session provided details on how to log into the application, camera positioning, room set up and general troubleshooting. Training for both the telehealth and faceto-face speech pathologists took less than 30 min.
A group session was held with all speech pathologists, as well as other senior speech pathologists employed by the service, to practice scoring the subjective subtests in accordance with the CELF-4 manual instructions. This provided the telehealth and face-to-face speech pathologists with an opportunity to review standard scoring guidelines and to participate in a practical component where the clinicians practiced scoring a series of sample sentences. Reliability was not formally established, however consensus was reached for each example in accordance with the CELF-4 scoring guidelines. All assessments were carried out as per the CELF-4 manual.
Assessment procedure. The assessments were conducted from the metropolitan telehealth site in Westmead, NSW, to the three hub sites in rural NSW (Hub 1 and Hub 3) and suburban Sydney, NSW (Hub 2). The telehealth speech pathologist administered the four core subtests of the CELF-4 via the telehealth application and scored the children's responses (approximately 45-60 min). The face-toface speech pathologist was with the child during the telehealth assessment and facilitated the assessment by turning on the computer, logging into the application and checking vision and sound. She then co-scored the assessment as an observer. The face-to-face speech pathologist also completed two non-core CELF-4 subtests and other language assessments (as clinically indicated) with the student faceto-face (approximately 30-60 min depending on clinical need). These face-to-face assessments were completed either before or after the telehealth session depending on the scheduling demands of the hub, resulting in nonrandomised counter-balanced delivery order (17/23 completed face-to-face assessment tasks first). All subtests were completed within a single visit to the clinic service, with a break between the face-to-face and telehealth sessions. The face-to-face speech pathologist completed behaviour observations of the children in both face-toface and telehealth conditions in order to provide feedback about the child's behaviour that may not have been able to be seen by the telehealth clinician. The face-to-face clinician also provided feedback on the audio and video quality of the application from the child's point of view.
Measures
Measures of feasibility (DV1, DV2). The telehealth speech pathologist kept records regarding the number of scheduled sessions completed and reported any issues resulting in non-completion of the assessment due to child, clinician, or technological factors (DV1). The telehealth and face-to-face speech pathologists both recorded observations regarding the technology during each session, noting the audio and video quality on a three-point scale (poor, OK, good) (DV2).
Measures of reliability (DV3).
Measures of reliability involved both the telehealth and face-to-face speech pathologists simultaneously scoring the core subtests of the CELF-4.
These measures were collected and scored as per the standard administration instructions for the CELF-4. Core Language Scores were calculated and severity rankings of language impairment were assigned as per the administration guidelines. Method comparison analysis and Pearson's correlation were used to determine level of agreement and reliability.
Measures of behaviour (DV4).
A behaviour observation rating scale was adapted from the Clinical Evaluation of Language Fundamentals -Preschool, 2 nd edition, Australian and New Zealand (CELF-P2) 18 behaviour checklist. No such checklist accompanies the CELF-4 but the CELF-P2 checklist contained relevant items for this population. Observations about anxiety and the types of distractors (test equipment and non-test items) were added to those describing activity and interaction levels, attention to task and distractibility. The rating scale is presented in Table 1 .
Measures of parent satisfaction (DV5).
Parents completed a simple survey following the telehealth assessment that asked 'Do you think your child felt comfortable during the (telehealth) assessment?' and 'Did you feel comfortable during the (telehealth) assessment' with four options: 'yes definitely', 'yes, somewhat', 'no' and 'don't remember'. The survey was completed and returned anonymously to the research team.
Results Feasibility
Overall 100% (23 of 23) assessment sessions were completed; no sessions were discontinued due to technological or other difficulties. Ratings of audio and visual quality ('poor' to 'good') were converted to numerical scores (0, 1, 2). Audio was rated as 'good' in 74% of sessions, and inconsistent or 'OK' in a further 22%. Only one session was rated as 'poor'. The average audio rating for Hub 1 was 1.88 (mode ¼ 2, range 1-2), for Hub 2 it was 1.43 (mode ¼ 2, range 0-2) and for Hub 3 1.75 (mode ¼ 2, range 1-2). Audio problems occurred more frequently in one hub; these were mostly related to low volume and words occasionally cutting out. The difficulties were not significant enough to require any adjustment to the assessment, other than feedback from the local clinician to the telehealth clinician that she needed to speak louder. Visual quality was rated as 'good' in 83% of sessions. No sessions were rated as 'poor'. The average visual quality rating for Hub 1 was 1.88 (mode ¼ 2, range 1-2), for Hub 2 was 1.71 (mode ¼ 2, range 1-2) and for Hub 3, 1.88 (mode ¼ 2, range 1-2).
Reliability
Bland-Altman analyses were used to assess the level of agreement for the Core Language Scores and the raw scores of the four core subtests by plotting the mean (x-axis) versus the difference (y-axis) between the two measures (telehealth and face-to-face) (Figure 1 ). In these analyses, zero equals perfect agreement, and the larger the number for each plot point the greater the disagreement between assessors. Calculations of 95% limits of agreement for each comparison (average difference AE 1.96 standard deviations of the difference) were made for each subtest. Plots showed no clear trend in difference between the assessors, and the variance did not appear to differ with the mean. Furthermore, evidence of strong correlations was found between conditions for all measures ranging from 0.96-1.0 as shown in Table 2 . There was complete agreement on severity level for 22 of the 23 children (96%) with one student's rating only differing by one severity level.
Behaviour
Behaviour, as measured by the behaviour observation checklist, was analysed using paired t-tests. Initial analysis of the data indicated differences between the hubs, with one hub showing greater variability between the face-toface and telehealth speech pathologists. Behaviour data was subsequently analysed in three groups, according to the location of the child. The two rural hubs showed no difference in observed behaviour between the conditions. In contrast, the suburban hub showed greater levels of behaviour difficulty in the telehealth condition for some students, however this difference did not reach significance at 0.05 (see Table 3 ).
Parent satisfaction
Thirteen parents of the 23 participants returned the survey anonymously (56%). All parents described their child and themselves as being 'somewhat comfortable' or 'definitely comfortable' with the telehealth assessment. Table 4 presents parents' comments regarding their experience. No parents indicated that they felt uncomfortable with the assessment. Many of the comments from parents indicated that their child had found the experience positive and a number of parents reflected positively on their own experience or opinion of the telehealth assessments. Two parents expressed concern: one parent felt their child lost concentration when he got a question wrong; the second parent stated their child 'did like to use the computer and the videoconferencing. . .. but he would prefer to talk to a person face-to-face'.
Discussion
This study aimed to examine the reliability and feasibility of conducting standardised language assessment with school-aged children with known or suspected language impairment via a telehealth application using consumer grade computer equipment within a public school setting. The feedback from all the speech pathologists involved suggested that the system used was feasible, with the telehealth speech pathologist able to complete all assessments with good levels of audio and visual quality. Given that the system is designed for speech pathologists to deliver assessments online within schools, and for children to be supported in the assessment session by teachers or teaching assistants (rather than local speech pathologists), the feasibility of the system and the ability to assess children reliably was of particular interest.
In terms of reliability, a high level of agreement was reached between the telehealth and face-to-face speech pathologists on all subtest raw scores, scaled scores and core language scores, indicating that the responses received and recorded by the telehealth speech pathologist were very similar to those recorded by the face-to-face speech pathologist. These results are in line with those reported by Waite and colleagues 11 in their study of [5] [6] [7] [8] [9] year-olds whose language was assessed using the CELF-4 via telehealth. Their study found very good agreement between telehealth and face-to-face scorers when assessing children using custom built equipment in a university setting, with some variation between subtests (k range from 0.93 to >0.99). The present study adds to their findings by completing the assessments in real time and remote locations with consumer grade, commercially available equipment that is readily available in the community, and is user friendly. The telehealth clinician was able to learn to use the system easily and the face-to-face speech pathologists support for the children required minimal training. It is anticipated that education staff in regional schools will be able to provide appropriate support for telehealth assessments in the future. The behaviour of individual children under telehealth conditions and their reaction in comparison to typical face-to-face sessions has not been systematically examined in research published to date. This study found few differences in the clinician-reported child interaction, attention or anxiety levels across the two conditions when analysed in separate hubs. Differences were observed, however, between the hubs, with one clinician reporting that the children showed more behaviour difficulties when engaged in the telehealth assessments, although the differences between conditions did not reach significance. This hub also experienced more audio and visual difficulties than the other two hubs and it is possible that these difficulties impacted on some students' attention and engagement. In addition, the effect of different interaction styles between the hub therapists cannot be ruled out. It will be important for children involved in telehealth assessments to be supported to ensure that they are able to attend and interact appropriately.
The present study found good levels of parent satisfaction with the technology, in line with the findings of Ciccia et al. 12 who found high levels of parent satisfaction with speech and language screening conducted via Skype, and My child thought (the telehealth speech pathologist) was very friendly. I thought she did very well at making him feel comfortable and was very good at judging when he needed a break. 7
(Child) done (sic) very well, I was very happy. 8 (My child), who was reluctant to attend the centre, stated after this videoconferencing assessment that he 'liked coming' and was 'having fun'. A statement never made before when in conjunction with education and/or learning. 9
(My child) seemed excited and happy to be doing work on computer and video chat. 10 (My child) enjoyed himself and said it was fun. 11
It showed us some of the areas where (my child) has difficulty. I felt the videoconference was very worthwhile. 12 I found when he got a question wrong he would loose (sic) concentration then would take another three to four questions to get back on track. 13 (My child) did like to use the computer and the videoconferencing was quite a novelty for him but he would prefer to talk to a person face-to-face without the computer link up. I also thought the sound through the computer was difficult at times to hear/understand. (My child) spent a lot of time concentrating on understanding what was being said.
a preference for parents to access this service compared to attending separate speech and language assessments. Similarly, Dunkley and colleagues 14 found that rural residents expressed willingness to trial services provided in this way, in part because of their isolation and lack of alternative services. The results of the current study indicated positive attitudes towards the use of telehealth in this setting with all families indicating that both they and their children felt comfortable using the telehealth system. The barriers to using telehealth described by a number of authors have been somewhat addressed in this study. 15, 19 The study attempted to mitigate financial and access barriers by conducting assessment in local schools, using commercially available equipment with standard school-based computer equipment and Internet access. While proportionately fewer rural and remote homes have Internet access compared to homes in urban areas, 20 schools generally have access even in very remote areas and all government schools in New South Wales (NSW), for example, have been connected to the Internet since 1996. 21 Barriers arising from technology difficulties were addressed using a simple to access, webbased application that required no download or installation and no technical knowledge beyond accessing a web page. Cultural barriers, including reluctance to engage in telehealth and the belief that telehealth is restricted to research settings were addressed in this study by showing that the use of telehealth in a real-world setting, outside a specialist research facility 15 is feasible. The effectiveness of using telehealth in a clinical setting was reflected in the good reliability of scores across conditions, in high parent satisfaction ratings, and in how well the telehealth assessments were tolerated by the children as demonstrated by the behaviour observations across conditions.
Limitations
The present study has a number of limitations. As with Waite and colleagues, 11 only the four core language subtests were administered rather than all the subtests required for a comprehensive assessment. Additionally, only moderate numbers (n ¼ 23) were involved in this cohort and no comparison group was included. While some counterbalancing to control for order effects occurred naturally, this was not randomised. However, in keeping with the realworld clinical caseloads, no children were excluded from the assessment. All those who could be assessed by both the telehealth and face-to-face speech pathologists during the study timeframe were included, with no refusals or withdrawals from the study.
Future research
The findings of the present study support the use of a telehealth application to assess the language of children with reading difficulties in a real-world situation using commercially available equipment. Future studies should investigate the feasibility and tolerability of telehealth assessments of children with diverse learning needs, including those with additional social and behavioural difficulties that may impact on assessment administration (e.g. children with autism spectrum disorder). The use of telehealth to undertake all subtests of formal assessment, along with other language measures such as narrative assessments and conversation should also be considered. Finally, it will be important to examine the practicalities of using of telehealth systems for language assessments in clinic and education settings with the support of educators or teaching assistants to manage the assessments.
